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ABSTRACT

An investigation was conducted to provide a comprehensive evaluation of
current Unmanned Aircraft Vehicle/Remotely Piloted Vehicle (UAV/RPV)
systems and its applicability as a lethal weapon system. Numerous systems
were evaluated while concentrating on the Department of Defense more
prominent programs, the Pioneer UAV, Vertical Takeoff and Landing (VTOL)
UAV and BQM-147A (EXDRONE) UAV. lIsrael has proven time and time again,
that UAVs/RPVs, when properly integrated into the combat arena as a lethal
weapon system, can contribute significantly at a lower cost with less risk to an
aircrew man in a manned aircraft system. In general the thesis shows many
capable UAV/RPV systems designs are available in the market place today.
These systems are assessed to determine their viability in the ever changing

combat environment.
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I. INTRODUCTION

During the past few years, despite budget cuts and force draw downs,
increased interest has been shown by the US Armed forces in unmanned air
vehicle/remotely piloted vehicle (UAV/RPV) systems for many military mission
applications. The two primary advantages of UAV systems are mission
effectiveness and cost effectiveness, especially in heavily defended combat
environments where the high risk of manned aircraft loss may not be mission or
cost effective. The overriding factor, though, is cost, in that an entire UAV
system, including ground control stations and associated support equipment,
may be less than one-tenth of the total cost of the manned aircraft system.
Initially, bringing additional technology to bear on refining or optimizing the UAV
system may increase costs somewhat, but with future procurements in sufficient
numbers to generate economy of scale, the UAV system costs will still stay at a
small fraction of manned aircraft system costs. In general this thesis shows
many capable UAV/RPV system designs are available in the marketplace today
and current Department of Defense (DoD) UAV/RPV procurement goals are in
place to support a lethal UAV/RPV mission. With the advancements made in
many key technologies in the past few years, it is time to evaluate the potential
of unmanned offensive strike delivery systems to augment manned aircraft. This
thesis should contribute to the United States Navy data base on UAV/RPV

systems.




A. OBJECTIVES

The objectives of this thesis are twofold; to provide a comprehensive
evaluation of current UAV/RPV systems and secondly to convince military
leadership to push for the evaluation, development and incorporation of these
systems into the strike weapon arsenal of the United States. The first objective
was to divide the RPV technology fields into specific areas based on the RPV
system components. These specific technology areas then became the primary
sections of this report and include:

« vehicle technology

s propulsion technology

e guidance and control systems technology

e launch and recovery systems

e ground control stations

e mission payload/sensor technology

In each case, although it was attempted to provide general, descriptive
information on all aspects of RPV/IUAV technology, the focus was always on
those specific systems or technology developments that would be of interest to
the USN's development of a lethal UAV/RPV.

The term UAV (unmanned air vehicle) and RPV (remotely piloted vehicle) are
used somewhat loosely, to include both radio-controlled vehicles and
autonomous unmanned vehicle systems. Both terms will be used

interchangeably throughout the thesis.




l. DEPARTMENT OF DEFENSE PROGRAMS

This chapter provides specifications for a family of UAVs required by all
branches of the U. S. Armed Forces. These specifications include Short Range

(SR), Close Range, and Medium Range (MR) UAVs.

A. UAV/RPV DEFENSE PROGRAMS

A summary matrix of the Major Defense Acquisition UAV Programs is
depicted in Table 1. Only unclassified information is provided.

1. Short Range UAV System

SR capabilities support DoD division through echelons above corps

(EAC) level and Marine Air-Ground Task Force (MAGTF) level. Enemy activities
out to range of 150 km or more beyond the forward line of own troops (FLOT) or
datum point (in USN operations) are the focus of SR activities. These UAV
systems are rmore robust and sophisticated, can carry a wider variety of
payloads, and can perform more kinds of missions than CR systems. The SR
UAV system is the baseline for the family (i.e., SR, CR, Vertical Takeoff and
Land (VTOL)) of UAVs. SR will provide near-real-time RSTA to U.S. Army
(USA) EAC, divisions, and U.S. Marine Corp (USMC) expeditionary brigades out
to 150 km beyond the FLOT, day or night, and in limited adverse weather
conditions. SR is intended for employment in environments where immediate
information feedback is needed, manned aircraft are unavailable, or excessive
risk or other conditions render use of manned aircraft iess than prudent.

[Ref. 1,2)




TABLE 1
DOD UAV PLANNING
CLOSE RANGE | SHORT RANGE MEDIUM RANGE
SERVICE USA, USN,_USMC USA USN_USMC USN, USAF, USMC
SERVICE DIV, BDE (USA)BN & CORPS, EAC, DIV (USA) | CVAW (USN):SQUADRON
ORGANIZATIONAL LOWER RPV COMPANY (USMC) | (USAF)
LEVEL Ship (USN)
MISSION RSTA RSTA PRE & POST STRIKE
RECONNAISSANCE, BDA
RADIUS OF ACTION S0 KM (30 NM) CLASSIFIED 650 KM (350 NM)
PAYLOAD CAPACITY 50 LBS 20018S 350 LBs
SENSOR IMAGERY MET IMAGERY ECM ATARS
GROWTH EW,NBC SIGINT, MET, COMM EW, COMMRELAY, EW,
JAMMING, ELECTRONIC,
SIGINT, MET, TARGET
DESIGNATION
ENDURANCE 3 HRS CLASSIFIED 25HRS
LAUNCH/RECOVERY STOL CToL AIR LAUNCH; LAND/HELO
RECOVERY
GROUND STATION VEHICLE VEHICLE JSIPS (PROCESSING)
TOGW TWO PERSON 1,700 LBS 2,200LBS
TRANSPORTABLE/200
LB CLASS
AIR SPEED 80 KTS CRUISE <90 KTS 500 KTS < 20,000 FT
DASH > 110 KTS 9 MACH > 20,000 FT
ALTITUDE 10,000 FT 15,000 FT MIN S00 FT AGL
MAX 40,000 FT MSL
DATA LINK ANTI-JAM CAPABILITY | ANTI-JAM CAPABILITY JSIPS INTEROPERABLE,

ANTI-JAM CAPABILITY

LEGEND

ATARS - ADVANCED TACTICAL AIR RECONNAISSANCE SYSTEM
BDA - BATTLE DAMAGE ASSESSMENT

BDE - BRIGADE

CTOL - CONVENTIONAL TAKEOFF AND LANDING
CVAW - CARRIER AIR WINGS
EAC - ECHELON ABOVE CORPS
EW - ELECTRONIC WARFARE
JSIPS - JOINT SERVICE IMAGERY PROCESSING SYSTEMS
MET - METEOROLOGICAL

NBC - NUCLEAR, BIOLOGICAL, CHEMICAL
RSTA - RECONNAISSANCE, SURVEILLANCE AND TARGET ACQUISITION
SIGINT - SIGNALS INTELLIGENCE

STOL - SHORT TAKEOFF AND LANDING
TOGW - TAKEOFF GROSS WEIGHT




The SR system consists of a mission planning station (MPS), two ground
centrol stations (GCSs); remote video terminal (RVTs), eight air vehicles;
modular mission payloads (MMPs), ground data terminal (GDTs), and launch
and recovery equipment. The mission planning and control station (MPCS)
collects, processes, analyzes, and stores data and distributes battlefield
information by interfacing with present/planned Service C3l systems. [Ref. 1]
Flight and mission commands are sent through ground data terminals to the air
vehicles and modular mission payloads from the MPCS. RSTA information and
air vehicle position data are sent by downlink either through airborne relays or
directly to the MPCS or RVTs. [Ref. 2] Mission data may also be recorded
onboard the air vehicle to prevent loss during interruptions in the downlink data
flow. Data is received by the MPCS and can be distributed to RVTs located in
tactical operations centers. [Ref. 2] Mission capability will be enhanced as
advanced mission payloads which are discussed below become available. The
specific modifications under development are [Ref. 1,2]

« Autosearch - Automatic pattern search of designated area

o Autotrack - Capability of automatically holding the air vehicle's sensor

line-of-sight on a designated target

« Manned surrogate trainer - Allows the system to operate with a

manned UH-60 helicopter carrying a sensor pod to provide mission
training in restricted areas.

+ Heavy fuel engine - The heavy fuel engine effort will design an

engine with the capability to operate on diesel, JP-5 or JP-8 fuel.

The SR program also includes the advanced development, prototyping

and testing needed to incorporate additional required sensor payloads,




command, control and communications upgrades, survivability improvements,
and data link hardening. Other issues under consideration are, electronic
intelligence (ELINT), signals intelligence (SIGINT), radars, meteorology and
lightweight hardened data link [Ref. 2].

2. Close Range UAV System

CR capabilities address the needs of lower level tactical units such as
USA divisions and brigades/battalions and USMC battalions/companies for a
capability to investigate 2:iivities within their local area of interest,
(approximately 30 km beyond the FLOT). Systems must be easy to launch,
operate and recover, require minimum manpower, training and logistics; and be
relatively inexpensive. The employment concept for the CR UAV system is to
perform launch, recovery, handling, mission/control and data distribution in close
proximity to the FLOT. [Ref. 1] The joint service requirements at division and
subordinate levels of command for near-real-time image intelligence is out to 30
km beyond the FLOT. Also driving the requirement for the CR UAV is the need
for two person transportable system which can operate in a confined launch and
recovery area. [Ref. 1,2]

The CR UAV program has proceeded with concept definition through
analysis of data generated from other UAV programs such as the EXDRONE
and Pointer Hand Launched UAV programs. This data, along with air vehicle
technology demonstration efforts, has been used to define the system concept.
in 1992 the CR program completed technical demonstrations of air vehicles and
FLIR payloads. The objective of the demonstrations was to reduce risk by
demonstrating the maturity of technology for the 200 Ib class air vehicle and

FLIRs less than 50 Ibs. [Ref. 2]. FLIR demonstrations were successfully




completed in January 1992, while the air vehicle demonstrations for 200 Ib class
were successfully completed in July 1992. The demonstrations proved that CR
type air vehicles payloads are capable of performing within the technical
parameters required for the CR system. [Ref. 1]
3. Medium Range UAV System, BQM-145 Specter

MR capabilities address the need to provide pre and post strike
reconnaissance of heavily defended targets and augment manned
reconnaissance platforms by providing high quality near-real-time imagery [Ref.
1]. They differ from other UAV capabilities in that the vehicle is designated to fly
at high subsonic speeds and spend relatively small amounts of time over target
areas of interest. Military operations in Vietnam, Lebanon, Grenada, and most
recently, Southwest Asia, have shown severe tactical deficiencies in the
collection of near real time reconnaissance data at radii of up to 350 nm [Ref. 3].
Further, as enemy forces become more mobile and weapon system technology
advance, the gathering of tactical reconnaissance data by manned aircraft will
become increasingly more difficult and hazardous. Tactical commanders need
the capability to acquire real, or near real time reconnaissance data, day or
night, in increasingly higher threat environments routinely and quickly [Ref. 3].
The MR UAV is an organic, low cost, highly survivable asset that can collect
EO/infrared (IR) data on fixed targets at radii up to 350 nm, day or night, and
provide this data to tactical commanders in near real time.

The MR UAYV system is intended to provide multi-mission support to the
C3l efforts required to conduct joint operations. As presently configured, the
UAV system is capable of performing the following missions: reconnaissance,

target acquisition, and battle damage assessment (BDA). The MR UAV




complements manned tactical aircraft and other reconnaissance capabilities of
the Services for the 1990s and beyond. Imagery data will be collected on fixed
targets and locations at radii up to 650 km from the launch point. Imagery will be
of sufficient resolution and accuracy to support targeting for air and ground
delivered weapons and to provide BDA. The MR UAV will fly high risk missions
in heavily defended areas over land and sea and provide a needed day/night,
under the weather reconnaissance capability. The F/A-18C/D aircraft will be
used for air launch by the USN and USMC, while the F-16R will be used by the
USAF. A ground launch capability unique to USAF is planned to be used for
about 80% of the USAF missions. The MR UAV will use existing Service
mission planning/programming systems: The Tactical Aircraft Mission Planning
System (TAMPS) for the USN and USMC and the Air Force Mission Support
System (AFMSS) for USAF. The vehicle will be reusable and compatible with
recovery on land, water, or in mid-air. [Ref. 1,2]

The MR UAV program is currently proceeding with both a risk reduction
and engineering & manufacturing development programs. The risk reduction
effort involves contractor flight testing of two graphite composite vehicles with
development reconnaissance payloads. The first powered flight of the MR UAV
(Specter) was conducted in May 1992, during which successful engine start, air
launch, powered flight and recovery of the air vehicle were demonstrated [Ref.
4]. A second air-launched mission in July 1992 demonstrated autonomous flight,
imagery collection, and recovery for the MR UAV (Specter). An air launched
flight in December 1992 demonstrated the GPS navigation capability of the MR
UAV as it traversed an instrumented course on a test range [Ref. 4]. In support

of the design efforts, an F/A-18 loaded with an inert MR UAV will be operated in




a simulated aircraft carrier environment to assess compatibility of the production
design. Testing will examine critical F/A-18 launch, recovery, and flying qualities
with an emphasis on vehicle-to-aircraft, and vehicle-to-deck clearance during

arrested landing [Ref. 4].

B. OPERATIONAL SYSTEMS - PIONEER UAV SYSTEM
1. Purpose
The Pioneer system was acquired rapidly, as an interim system, to fill an
immediate need to provide the operational forces with deployable tactical assets.
The system provides day and night near-real-time reconnaissance, surveillance
and target acquisition (RSTA), BDA, artillery fire correction/adjustment of fire,
and battlefield management within line of sight of its ground control station
(GCS) [Ref. 11]. The air vehicles low radar cross section (RCS) and infrared
(IR) signature, and its ability to operate by remote control make it particularly
useful in high threat environments where manned aircraft would be vuinerable
[Ref. 19].
2. Concept of Operations
A Pioneer system consists of five air vehicles, five day television and four
FLIR payloads, a GCS, a portable control station (PCS), up to four remote
receiving stations, a pneumatic or rocket assisted launcher and net or runway
arrestment recovery systems. The air vehicle is a short range, remotely piloted,
pusher propeller driven, small fixed wing aircraft that may be either land based
or ship based. It operates between 1,000 and 12,000 feet, 60 to 95 knots, and in
excess of 100 nm from the GCS. The Pioneer air vehicle is operated real-time

from a control station or can be programmed to fly independently. It relays video




and telemetry information from its onboard reconnaissance payload systems.
Line of sight between Pioneer and GCS must be maintained at all times for
positive flight control and imagery data link. The air vehicle may be handed off
from GCS to another GCS, effectively increasing the air vehicle's range to its
fuel limit. This allows launch form one site and recovery at another. The
Pioneer system can control two air vehicles simultaneously, although the video
downlink and positive control can be managed for only one air vehicle at a time.
In wartime, the Pioneer systems are deployed by Marine Air-Ground Task Force
(MAGTFs), USN battle group commanders, or USA division commanders to
provide real-time tactical information. During peacetime, Pioneer units will be
tasked with proficiency and mobilization training, tactical intelligence collection,
tactics and operational concept development, and support of MAGTF, battle
group, and divisional training exercises [Ref. 1,2]. Since the decommissioning of
the battleships, plans have been developed to install USN Pioneer systems on
LPD class ships [Ref. 7). The entire land based system can be transported with
vehicles and trailers.
3. System Interfaces

The Pioneer system has two basic configurations, ship installed and
shore based. The ship installation currently being completed for LPD is similar
to the previous battieship installation in that pe-manent antennae, fuel storage,
and recovery net fixtures must be in place. Aviation gasoline (AVGAS) for the
air vehicle and the rocket assisted take off (RATO) launch bottle require special
handling and storage procedures on board ship. Shipboard flight operations

require special consideration of air space allocation, control frequency
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allocation, and electromagnetic interference caused by the launch ship and
other ships in company. [Ref. 1,2]

The land based systems are self contained. However, they also require
special facilities to operate. The air vehicle a needs prepared landing surface or
runway to set up the arresting gear. There must be sufficient area cleared for
the various ground support equipment. Safe AVGAS and RATO storage and
handling facilities need to be in place. The vehicles used to transport the

Pioneer system require service and maintenance facilities. [Ref. 1,2]

C. DEMONSTRATED SYSTEMS - VERTICAL TAKEOFF AND LANDING
UAV SYSTEM

1. Purpose
The objective of the VTOL is to complete a risk reduction demonstration
of a VTOL UAV capability which compliments the SR system and which is
integral to ship's combat systems. The VTOL UAV system will provide: targeting
and BDA; offboard electronic countermeasures (ECM) for antiship missile
defense; and NADE RSTA support for land force. [Ref. 3]
2. Concept of Operation
A fielded VTOL UAV would incorporate the requirement of the UAV family
architecture, achieve operational interoperability through incorporation of Joint
Integrated Interface (Jlls), and would provide the USN, USMC, and USA an
organic, tactical RSTA capability [Ref. 2). The VTOL system concept for naval
applications focuses on integrating SR UAV system software and hardware into
ship subsystems. Thus, USN and USA forces may operate either the SR UAV or
the VTOL UAV using organic command and control assets or may share

resources and exchange air vehicle with another service's control stations. The
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air vehicle would be a high speed VTOL capable of carrying imaging sensors
common with the SR and CR UAV programs, incorporating the SR command
and control and video down link to ensure interoperability [Ref. 2]. SR system
software will be hozted on an existing USN Tactical Advanced Computer-lii
(TAC Ill). An existing USN MK-1Il AN/SRQ-4 datalink will be modified to operate
both the SR and VTOL [Ref. 1].
3. Systems Interface

The UAV JPO is coordinating with the SR program office and several
other agencies for the VTOL UAV Technical Demonstration program.
Coordination with Navy agencies include Space and Naval Warfare Systems
Command (SPAWAR) for data link and battle force integration and Naval Sea
Systems Command (NAVSEASYSCOM) for ship integration. Coordination with
external agencies include ARPA for concept evaluations using distributed battle

force simulations. [Ref. 2]
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. VEHICLE TECHNOLOGY

A. SYSTEM INTRODUCTION

In this chapter technology and engineering developments are discussed for

numerous types of UAVs with and their expanded capability or incapability as a
lethal UAV. The UAV systems from Europe, East Asia, and North America that

carry a payload

have an endurance greater than 1.0 hour

and are representative of the family of UAV systems (SR, CR, MR) outlined in

Section Il were considered. These systems are briefly described below.

RPVs FOR DISCUSSION

U.S. ARMY AQUILA: A small (140-Ibs) RPV with 3-hr endurance and
118-kt maximum speed. Planned missions include surveillance, target,
acquisition, artillery adjustment, and laser designation for precision
guided weapons. Special configurations provide spread spectrum
communications, automatic link loss reacquisition, and adjustment linking
(high-g avoidance maneuver).

U. S. NAVY PIONEER: A (250-Ibs) UAV with 5-hr endurance and 110-kt
speed. Its missions to provide reconnaissance, surveillance, and target
acquisition (RSTA) to both Navy forces at sea and USMC forces on land.
The Pioneer air vehicle is capable of operating with a daytime TV camera
payload or a day/night infra-red camera, both with near-real-time video

downlink to the control station.
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ISRAELI MASTIFF: A small RPV used for battlefield and battle group
surveillance. It weighs 250 Ibs. and has a flight endurance of 6 hours.
ISRAELI SCOUT: A larger propeller-driven RPV with a takeoff weight of
over 300 Ibs and a maximum cruising speed of 95 kt. It has been used for
surveillance with a stabilized TV camera and for decoy operations by
electronically emulating larger aircraft.

BRITISH ARMY PHOENIX: A small RPV fitted with thermal imaging
(infrared (IR) zoom) for both day and night surveillance.

USAF BQM-34: A high-cost, high-performance (700-kt) radio command
drone. Reconnaissance, EW, and warhead versions have been used.
Weight is between 2500 and 5000 ibs, and range is up to 700 nm.
BOEING BRAVE 3000: A low cost, completely autonomous, and minimal
maintenance UAV. Mission objectives are long endurance, defense
suppression, surveillance, and electronic warfare.

BOEING PENGUIN: A low Reynolds number UAV, mission is an
important one currently being studied for possible future flights in the
atmospheres of other planets and for specialized military missions. The
Penguin has robust control, highly durable, and carries a small payioad.
BELL HELICOPTER POINTER: A tilt-rotor VTOL, 600 Ibs gross weight.
The VTOL capability of its propulsion system obviates all launch and
recovery equipment without forfeiture of high forward speeds during
critical mission segments; in particular, shipboard operations can be
readily conducted from small deck areas at sea.

USAF BQM-145A SPECTER: In the engineering manufacturing and

development phase of the acquisition cycle, and has a projected initial
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operational capability in 1999. Carries the Advanced Tactical Air
Reconnaissance System (ATARS) sensor suite and datalink. Payload
capability up to 400 Ibs - electronic intelligence, communications
intelligence, jamming, weather-atmospheric, decoy.

UAVs are generally more complex than RPVs in their overall design because
they are required to accomplish a higher degree of mission performance and to
be considerably more controllable regarding their mission path or profile.
Typically, UAVs and RPVs have long mission times and carry a variety of
payloads that involve technical complexity. As roles are expanded, mission
profiles may include any or all of the following:

e reconnaissance

« surveillance

o target detection and location

o airborne early warning

o suppression of enemy air defense

o attack of hard targets

o anti-ship missile defense

o anti-helicopter defense

e communications relay

o damage assessment

o NBC detection

o electronic surveillance

« electronic countermeasures

e decoy

o battlefield planning/assessment
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o harassment
e and more
With such a varied mission capability it is readily seen that design

requirements may be more rigid than those currently set forth. [Ref. 21]

B. AERODYNAMIC DESIGN

The aerodynamic design of the RPVs in question varies widely. The few high
speed vehicles (0.7-0.9 Mach) all have tubular bodies and short wings or fins.
(BQM-34,Brave 3000) They appear to be more of a traditional missile shape
than anything else. The fixed-wing RPVs are also varied in appearance with the
maijority being straight or slightly tapered-wing monoplanes. Some monoplanes
have constant-chord wings, of which some have right-left interchangeable wings
and tails. There are delta wings or clipped-delta wings and some with folded
wings that unfold at launch. Tail booms and twin tails are present on several of
the more well-known models.

While there are some unusual configurations, by far most RPVs resemble
large model aircraft commonly made by an intermediate or advanced hobbyist.
Most are simple designs with uninspired aerodynamics. Calculated L/D values
of cruise or loiter range from 1.0 to 2.4 for flights from sea level up to 1,500 feet,
this being normal operating range of altitudes [Ref. 6]. Stall velocities are
generally around 40-45 knots and maximum velocities are usually below 135
knots, with 100-110 knots the average Vmax [Ref. 6). Aspect ratios vary
between 3.7 and approximately 8. The high aspect ratio, low altitude and speed,
and good fuel consumption of the reciprocating engines yield the good

range/endurance characteristics. Aerodynamics generally are compromised to
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facilitate modular construction, lightweight, simple fastening devices, and high
payload fractions.
1. Structural Design and Modularity

Most RPVs researched appear to be designed to be lightweight and
modular. This is because they spend most of their time stored in crates on
trucks or vans and must be quickly and easily assembled in the field. A
complete RPV system occupie s up to 3-5 vans, or trailers, pulled by trucks [Ref.
11). The RPV must therefore be capable of being packaged for transport in the
smallest possible vclume. There is also a need for the air vehicle to be handled
during all phases by as few as 2-4 men; the fewer the better. Such handiing
nearly always includes what could be classified as "rough" handling and
therefore requires a design concept of modular assembly and ruggedness. One
additional factor is that, during operational or training flights, it is possible that
the air vehicle could unintentionally experience in-flight g-loads of equal or
greater magnitude than any manned aircraft. Launch and recovery can be under
conditions of up to 9 g axially while in-flight maneuver g loads may be applied on
all axes [Ref. 11].

It is not unusual to see such high strength-to-weight materials such as
carbon fiber, kevlar, and epoxy resins used in RPV structural design. In fact,
almost all RPVs composites. Structural designs utilize fiberglass, honeycomb,
molded glass fiber-reinforced plastics (GRP) or wound glass fiber impregnated
with resin. Wings may be molded integrally with the fuselage or one or two
piece modular design with glass fiber skin and rigid g sly-vinyl chloride injected
foam core, wood frame with veneer skin, or rigid foam cores covered with

anything from wood to nylon to aluminum.
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Some structural concepts are driven by making certain components multi-
purpose or multi-functional. For example, the Aquila design utilizes wings which
can be installed on either the right or left with no modifications. The same
approach is used on the tailplane (horizontal tail). Still other components, such
as wingtips and nose cones, are either frangible or crushable and intended to be
replaced after each flight. Virtually all RPVs are modular in construction to one
degree or another.

While some of the structural approaches may appear to be elaborate,
there is little technology employed that cannot be automated to construct the
individual components. For example, a fuselage may be constructed almost
entirely out of one sheet of GRP/honeycomb which is merely cut, folded, and
bonded as on the Phoenix. Bulkheads are cut from the sheet and bonded in
place, as are the hinged lids to give access to the engine, payload, and recovery
parachute bays [Ref. 9]. GRP moldings form the nose and rear body failings.
Being modular, the vehicies are then assembled using such quick-connect and
disconnect methods as bolts, snaps, tabs and slots, and elastic cords [Ref. 9).

2. Materials and Maintainability

Material choices are made to minimize weight and reduce cost. As
previously mentioned, frequent use has been made of kevlar, fiberglass,
plastics, PVC foam, resins, and other materials which lend themselves to being
used in composite construction methods. Also used are wood in structure,
veneer in skin, sheet aluminum, extruded aluminum and other light alloys as well
as steel. To one degree or another almost any material found in manned aircraft

has been used, including balsa wood.
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By far the most frequently used material is some form of fiberglass.
Construction methods are many and so are the materials combined with
fiberglass. However, the fact remains that the structural choice is fiberglass
whenever it fits the requirements [Ref. 9). With so much diversity in designs
there does not appear to be an overwhelming choice in construction methods,
but molded fiberglass with a rigid foam filling has been the most widely chosen
material and manufacturing method. Slow speed RPVs utilize aimost exclusively
fiberglass construction, whereas high speed subsonic vehicles utilize a higher
proportion of aluminum alloy in the fuselage and control surfaces due to higher
dynamic and structural loads.

Modular construction lended itself to replacing components and even
mentioned the norm of carrying certain component spares in the aircraft
transport vehicle. Typical spare components are: landing bags, frangible
structures, parachutes, canards, wingtips, nose cones, skids, tails and engines
[Ref. 6].

Over the life of the vehicle, it can be expected to require some sort of
airframe maintenance. Most have been designed to withstand normal operation
for reasonable time as evidenced by special considerations such as toughened
skids, expendable nosecones, landing bags, etc. Only two systems are known
to have been designed for operation at sea (Pioneer and Phoenix). They are
recovered from sea water where they land by parachute or net, are then washed
with fresh water and serviced. The payload compartment is water-tight and the
engine has a sealed, maintenance-free, electronic ignition system for use in a
salt environment [Ref. 8]. A more complete description of shipboard/seabased

recovery methods is provided in Chapter 3, Section E.
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